Abstract: A field experiment was conducted at farm lands of Pandit Jawaharlal Nehru College of Agriculture and Research Institute, Karaikal to know the weed floristic composition and their effect on growth, yield and nutrient uptake by aerobic rice (Oryza sativa). The results revealed that totally 29 species of weeds from 22 genera belonging to 17 families were noticed. Among them, four were grasses, six were sedges, and nineteen were broad leaved weeds. Of this 29 species, four were perennials, and the rest were annuals. During initial stages (30 DAS), sedges dominated (38.3%) whereas at later stages (60 DAS) broad leaved weeds dominated the aerobic rice fields (42.5%). Grasses were found to be comparatively less dominant at both the stages. Echinochloa colona Link. (28.1%) followed by E. cruss-galli (L.) Beauv. (6.1%) among the grasses; Cyperus difformis L. (19.8%) followed by C. iria L (9.9%) among the sedges and Ludwigia abyssinica (28.0%) among the broad leaved weeds, were the predominant weed species in aerobic rice cultivation. Weeds, when left unchecked, competed with rice for all resources like nutrients, space, light and soil moisture. The unweeded control recorded the maximum nutrient depletion by weeds (76.6, 6.4 and 106.8 Kg of N, P andK ha ).
INTRODUCTION
Aerobic rice system has been evolved as the most promising water saving technology in rice culture wherein the crop is established via direct seeding in non-puddled and non-flooded fields (Mahajan et al., 2009) . Rice cultivation using this system can save about 50 to 60% irrigation water and increase the water productivity by around 200% as compared to lowland flooded system (Bouman et al., 2002) . Apart from less water requirement, aerobic rice demands fewer labours (Ho et al., 2000) , capital input (Singh et al., 2008) which in turn minimizes production cost to great extent (Mann et al., 2007) and saves 29% of the total cost of rice production (Ho et al., 2000) . Due to all these, aerobic rice is expected to occupy 10-15% of the total rice area in India (Pasha et al., 2011) . Although aerobic rice system has huge potential as a water-wise technology, its adoption has been impeded by serious weed problem since both weed and crop seeds emerge at the same time and compete with each other for nutrients, light, space and moisture throughout the growing season resulting in less grain yield. Apart from this, there is also no water layer to suppress weed growth. So, weeds grow quickly in direct seeded aerobic rice as compared to transplanted flooded rice (Kamoshita et al., 2010) . In aerobic rice system, the dry tillage practices and aerobic soil conditions are highly conducive for germination and growth of weeds which results in higher weed pressure coupled with greater grain yield losses as compared to flooded rice ( Mahajan et al., 2009) . Rice grain production in India suffers a yearly loss of 15 mt due to weed competition. Sipaseuth et al. (2000) reported that when weed control was optimum, and crop establishment was good, yields of direct-seeded rice could be equal to those of transplanted crop. A weed-free period for the first 30 to 45 days after sowing (DAS) is required to avoid any loss in yield because the dry weight of weeds increases greatly from 30 DAS in dry direct-seeded rice. Uncontrolled weeds reduce the yield by 96% and even up to 100% in dry direct-seeded rice (Maity and Mukherjee, 2008) . Therefore, developing an effective weed management approach has been a challenge for widespread adoption of aerobic rice technology. It is essential to know the species composition of weed flora and their life forms in order to identify a suitable method for managing weeds. Hence the weed flora associated with aerobic rice and also to study the effect of weeds on growth, yield and nutrient uptake by aerobic rice in the coastal region of Karaikal, Union Territory of Puducherry, India.
MATERIALS AND METHODS
A field experiment was conducted during Rabi (September) 2013 in the farm lands of Pandit Jawaharlal Nehru College of Agriculture and Research Institute, Karaikal, Puducherry. The experimental site is situated 10º 25' North latitude and 79º 49' East longitude at an altitude of 4 m above the mean sea level. The soil of the experimental site was loamy sand in texture with alkaline pH (8.2). The soil was low in available nitrogen (60.6 kg ha -1 ) and phosphorus (10.5 kg ha -1 ) and medium in available potassium (184.4 kg ha -1 ). A total rainfall of 597 mm was received during the cropping period against the normal rainfall of 1022 mm. The rainfall received during the cropping period was less and unevenly distributed. A medium duration (135 days) rice cv.'ADT(R) 46' was sown on September 5, 2013, and the recommended package of practices for aerobic rice was followed. The seeds were sown by opening shallow furrows at 20 cm interval with the help of sickle and dibbling two or three seeds in each hill at 10 cm spacing. Later, the seeds were covered with soil. The recommended dose of fertilizers (150:50:50 Kg N: P 2 O 5 : K 2 O ha -1 ) was applied. Twenty-five per cent of nitrogen, potassium and a full dose of phosphorus was applied at the time of sowing in the form of urea, muriate of potash and single super phosphate, respectively. The remaining quantity of nitrogen and potassium was applied in three equal splits at 30 (seedling), 60 (active tillering) and 90 DAS (flowering). The field was irrigated immediately after sowing, third day (life irrigation) and kept moist during the cropping period without maintaining a standing water condition. Observations on weeds were recorded with the help of a 0.25 m 2 quadrate placed randomly in the sampling area of each plot. Weeds falling within the frames of quadrat were counted, recorded and mean values are expressed in number m -2 . After observing weed density, the weeds were removed, oven dried at 70°C for 72 hours and the dry weight was recorded and expressed in g m -2 . The data on weed flora, absolute density, relative density and dry weight were recorded at 30 and 60 days after seeding (DAS). The growth and yield attributes of rice were recorded by following the standard procedures. The crop from the net plot area was harvested on January 20, 2014, threshed and sundried. The grain and straw yields were recorded and expressed in Kg ha -1 . Nutrient removal by rice and nutrient depletion by weeds were estimated by adopting the standard analytical procedures. The nitrogen content in the digested grain, straw and weed samples was estimated by Micro Kjeldhal method (Jackson, 1973) and expressed in percentage on dry weight basis. The phosphorus and potassium content of the tri-acid digested grain, straw and weed samples were determined by Vanadomolybdo phosphoric yellow colour method in the HNO3 acid system and by Flame photometric method as described by Jackson (1973) ; and expressed in percentage on dry weight basis.
RESULTS AND DISCUSSION
Weed flora of the experimental field: Diverse weed flora was observed in an aerobic rice field at Karaikal region. Totally, 29 species of weeds from 22 genera belonging to 17 families were noticed in the experimental field during the ontogeny of aerobic rice, of which four were grasses, six were sedges, and nineteen were broad leaved. Out of these 29 species, four were perennials, and the rest were annuals ( Table 1) . The grassy weeds were Echinochloa colona. Link., E. cruss-galli (L) Beauv., Leptochloa chinensis (L.) Nees. and Panicum repens. The sedges noticed were
Sphaeranthus indicus L. and Trianthema portulacastrum L. were the broad leaved weeds observed in the experimental field. The occurrence of the above weed species in aerobic rice fields have been earlier reported by Rao and Nagamani (2007) , Hyderabad, Andhra Pradesh, Singh et al. (2008) , Hyderabad, Andhra Pradesh, Thimmegowda et al. (2010) , Mandya, Karnataka, Singh and Singh (2010) , Varanasi, Uttar Pradesh, Sunil et al. (2010) , Mandya, Karnataka, Ramachandiran and Balasubramanian (2012) , Madurai, Tamil Nadu and Daniel et al. (2012) , Karaikal, U.T. Puducherry. Tomita et al. (2003) Kyoto, Japan and Rao and Nagamani (2007) was also of the opinion that the weed flora in aerobic conditions was much diverse than those observed under flooded conditions of rice cultivation. Weed density: During initial stages, sedges dominated (38.3%) the experimental field (Table 2) whereas at later stages (60 DAS) broad leaved weeds were dominant (42.5%). Grasses were found to be comparatively less dominant at both 30 DAS and 60 DAS. Of the different species of weeds, L. abyssinica (22.0% relative density), C. difformis (19.8% relative density) and E. colona (17.9% relative density) were found to be the dominant weeds at seedling stage of rice. ) since the population of broadleaved weeds were lesser at 30 and 60 DAS. However, during later stages, at 90 DAS kinds of grass recorded higher dry matter (149.0 g m -2 ) and at 135 DAS broadleaved weeds recorded higher dry matter accumulation (75.1 g m -2 ). When the weeds were left unchecked throughout the crop season, they fully enjoyed the available resources like water, nutrients and sunlight, which resulted in higher dry matter accumulation. Several workers (Akbar et al., 2011; Khaliq et al., 2011and Khaliq et al., 2012 , Faisalabad, Pakistan and Rawat et al., 2012 , Jabalpur, Madhya Pradesh) also reported that the weed dry weight was higher in unweeded control. The Higher total dry weight of the weeds was recorded at 60 DAS (583.0 g m -2 ) followed by 90 DAS (235.3 g m -2
) whereas the total dry matter accumulation declined at maturity stage (135 DAS). Though the weed population was higher at earlier stages, the weeds completed their life cycle before the harvest of the crop. Thus, at harvest stage, the weed dry weight was found to be lower. This is in line with the findings of Pasha et al. (2011) who also reported lower weed dry matter production of weeds at harvest. Growth and yield attributes of rice: The unweeded aerobic rice field registered the lowest plant height, leaf area index (LAI), dry matter production by rice and the number of tillers m -2 (Table 4) due to severe competition from the weeds for the resources. Mandal et al. (2011) , Jabalpur Madhya Pradesh also reported that the LAI was reduced due to weed competition. Weed competition during vegetative stage greatly affects the tillers production (Mandal et al., 2011 and Micheal et al., 2013) . The unweeded aerobic rice field recorded the lowest number of tillers m -2, and the number of tillers decreased with the advance in the age of the crop. This indicated that weed competition not only reduced the number of tiller production m -2 but also increased the mortality of tillers produced. The rice dry matter production was the lowest in the weedy field due to shorter plants, lower number of leaves and tillers which in turn was due to severe competition from the weeds for the available resources. The regression analysis indicated that for every gram of dry weight produced by weeds, the rice dry matter production decreased by 1.92 grams. Unchecked weedy aerobic rice recorded the lowest values for all yield components due to lower values of growth components which in turn was due to the lower availability of nutrients and soil moisture and higher competition from weeds for these resources. Yield of rice: When the weeds were left unchecked, they competed with rice for all resources like nutrients, space, light and soil moisture suppressed the growth of rice which resulted in lower growth and yield attributes. Since the yield attributes were lower, the grain (333 Kg ha -1 ) and straw yields (1903 Kg ha -1 ) were also lower (Table 4) . This is evident from the regression analysis which indicated that for every g m (Table 4 ) due to severe competition by weeds for the available nutrients and soil moisture. This is further supported by the findings that the NPK uptake by rice had significant negative correlation with weed dry matter production and NPK depletion by weeds. Weeds, when left unchecked throughout the crop growth period, depleted 76.6 Kg N, 6.4 Kg P and 106.8 Kg K ha -1 . This may be attributed to the higher density and dry matter production of weeds in the unweeded field.
Conclusion
In the experimental field of area 0.25 ac, sedges were predominant upto seedling stage (relative density 38.3%) whereas, at later stages, broad leaved weeds were dominant (42.5%).These weeds, when uncontrolled, competed for their resources and suppressed the performance of aerobic rice. This is evident from the lower values of all growth and yield parameters which reduced the rice yield by 93.1%. Hence, an effective weed management strategy is needed to control the diverse weed flora to attain higher yield and profit under aerobic rice cultivation. 
